reflexivity.
The study of intention-based reflexivity mainly uses procedures in which the automatic effect of new and merely instructed Stimulus-Response (S-R) mappings is measured (e.g., Braem et al., 2017; Cohen-Kdoshay & Meiran, 2007 Liefooghe et al., 2012 Liefooghe et al., , 2013 Liefooghe et al., , 2016 Meiran et al., 2015a Meiran et al., , 2015b Theeuwes et al., 2014; Wenke et al., 2007 Wenke et al., , 2009 Wenke et al., , 2015 . For instance, Liefooghe et al. (2012) presented participants with different runs of trials on which two tasks had to be performed that shared stimuli and responses: the inducer and the diagnostic task. At the start of each run, participants received two novel arbitrary S-R mappings of the inducer task, each assigning a stimulus either to a left or a right response based on the identity of the stimulus (e.g., If "X", press left; if "Y", press right). Before executing the inducer task, several trials of the diagnostic task were performed, on which participants decided whether a stimulus was presented in italic or upright, again by pressing a left or right response key (e.g., upright, press left; italic, press right). After a number of trials of the diagnostic task, a probe stimulus of the inducer task was presented. Liefooghe et al. (2012) observed that performance in the diagnostic task, in terms of speed and sometimes in terms of accuracy, was better when the correct response on the diagnostic task matched with the instructions of the inducer task (e.g., "X" presented upright or "Y" presented in italic) than when the correct response on the diagnostic task did not match AUTOMATIC EFFECTS OF INSTRUCTIONS 4 with the S-R mappings of the inducer task (e.g., "Y" presented upright or "X" presented in italic). Given that (1) the diagnostic task was performed immediately after the presentation of the instructions of the inducer task, thus prior to the overt execution of these instructions and (2) the inducer task comprised novel S-R mappings on each run, the conclusion was drawn that the congruency effect observed in the diagnostic task was based on the instructed S-R mappings of the inducer task, which were never executed overtly before.
Several findings suggest that instruction-based congruency effects offer a genuine proxy of intention-based reflexivity. Wenke et al. (2009) observed that the instruction-based congruency effect disappeared when participants were frequently signaled that the inducer task would not proceed, which suggests that participants refrained to implement the instructions under such conditions. Liefooghe et al. (2012) observed an instruction-based congruency effect when the inducer task required the execution of the instructed S-R mappings (see supra), but not when the inducer task required the mere recall or recognition of the instructed S-R mappings. Liefooghe et al. (2012) proposed that when instructed S-R mappings are maintained for future recall or recognition (i.e., when no execution intention is present), they remain in a declarative format in working memory, which does not induce an instruction-based congruency effect. In contrast, when participants have the prospective intention to execute the instructed S-R mappings, a procedural representation of the instructed S-R mappings is formed, which induces an instruction-based congruency effect.
This conclusion was furthermore supported by the observation that distinct brain regions are recruited during the implementation as compared to the mere memorization of instructions (Demanet et al., 2016) , as well as, by research demonstrating that the instruction-based congruency effect is underlain by pre-motor activation (Everaert et al., 2014; Meiran et al., 2015b) . Finally, several studies observed that the instruction-based congruency effect is a function of the degree by which the inducer task is prepared for (Deltomme, Liefooghe, & Braem, submitted; Liefooghe, De Houwer, & Wenke, 2013; Meiran et al., 2015a, Experiment 4) , which also suggests its dependency on the intention to execute instructions.
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The observation that the instruction-based congruency effect is a function of intention and preparation, furthermore, contrasts with findings concerning the task-rule congruency effect, based on overtly practiced S-R mappings. The task-rule congruency effect is observed when participants have to switch between two overlapping tasks (i.e., task switching; Kiesel et al., 2010; Monsell, 2003; Vandierendonck, Liefooghe, & Verbruggen, 2010) . As for the instruction-based congruency effect, the task-rule congruency effect denotes the difference between congruent trials on which both tasks point toward the same response and incongruent trials on which both tasks point toward a different response. Yamaguchi & Proctor (2011) observed a task-rule congruency effect when both tasks were presented in separate blocks of trials, which suggests that this effect is present even if the intention to execute the irrelevant S-R mappings is minimal. In addition, the task-rule congruency effect has been reported to be independent of the degree by which an upcoming task is prepared for (e.g., Meiran, 1996) .
Whereas most studies converge towards the hypothesis that the instruction-based congruency effect reflects intention-based reflexivity, some findings, however, suggest that the instruction-based congruency effect may also be induced when the intention to execute instructions is absent. In contrast to what was reported by Liefooghe et al. (2012) , these findings show that an instruction-based congruency effect can be obtained when instructions are merely maintained for future recall. More specifically, Theeuwes, De Houwer, Eder, and Liefooghe (2015) investigated whether an instruction-based congruency effect can also be obtained on the basis of contingencies between a response and the effect this response produces in the environment (i.e., an action effect). To this end, the procedure of Liefooghe et al. (2012) was adapted, such that each run started with the instruction of two new Response-Effect contingencies (e.g., if you press the left key, the letter Q will appear on the screen; if you press the right key, the letter P will appear on the screen). In the diagnostic task, the effect-stimulus letters of the inducer instructions (i.e., "Q","P") were used as targets, the orientation of which had to be judged by pressing a left or a right key. An AUTOMATIC EFFECTS OF INSTRUCTIONS 6 instruction-based congruency effect was measured by contrasting diagnostic trials on which response and target were part of the same instructed Response-Effect contingency (e.g., left and "Q") with diagnostic trials on which response and target belonged to different instructed Response-Effect contingencies. Crucially, the inducer task required the recall of the Response-Effect contingencies instructed at the onset of the run. For instance, participants were cued either with the word "left" or "right" and had to press the corresponding key immediately, which resulted in the presentation of an effect stimulus. Next, participants had to judge whether the effect stimulus did or did not match with one of the Response-Effect contingencies that were instructed at the onset of the run (e.g., whether the letter Q actually appeared after pressing the left key). Although this type of inducer task was a recognition task and it was thus unlikely that participants had the intention to execute the instructed Response-Effect contingencies, Theeuwes et al. (2015) observed an instruction-based congruency effect in the diagnostic task.
The results of Theeuwes et al. (2015) indicate that an instruction-based congruency effect can be obtained when the inducer task simply requires the maintenance of instructions, which suggests that the intention to execute instructions is unnecessary to obtain an instruction-based congruency effect. Importantly, even though the procedure of Theeuwes et al. (2015) was fairly similar to the original procedure of Liefooghe et al. (2012) , both studies yielded divergent results, with memorization leading to an instruction-based congruency effect in one case (Theeuwes et al., 2015) , but not in the other (Liefooghe et al., 2012) . The findings of Theeuwes et al. (2015) are, furthermore, in line with other demonstrations, which suggest that simply maintaining information in working memory is sufficient to elicit automatic response effects. This is, for instance, illustrated by research, which focuses on the representation of serial order in working memory (see Abrahamse, van Dijck, Majerus, & Fias, 2014 for a review). A common assumption in this domain is that serial information is maintained by creating a spatial representation in working memory in which serial information is ordered from left to right. Evidence for this hypothesis was reported by van AUTOMATIC EFFECTS OF INSTRUCTIONS 7 Dijck and Fias (2011) , who presented participants with words that appeared serially on the screen. Participants were asked to maintain these words for an upcoming serial-recall test.
In between the learning and test phase, a diagnostic task was nested, that used the to-be-maintained words as targets on which left-right responses had to be made. van Dijck and Fias (2011) observed that words, presented early in the memory sequence facilitated left-sided responses, whereas words presented at the end of the memory sequence facilitated right-sided responses. A response-congruency effect was thus present, which was based on the maintenance of serial order in working memory. These and similar findings (e.g., Abrahamse et al., 2014; De Belder et al., 2015; van Dijck, Abrahamse, Majerus, & Fias, 2013; van Dijck et al., 2014) indicate that maintaining information in working memory for future recall (i.e., without the intention to execute), is thus sufficient to induce automatic effects.
Taken together, the aformentioned findings challenge the conclusions of Liefooghe et al. (2012) , who claimed that the instruction-based congruency effect is absent when the inducer task only requires the memorization of instructions for future recall. The possibility thus arises that the instruction-based congruency effect may also be present when the intention to execute instructions is absent, as it is the case for the task-rule congruency effect, based on practiced S-R mappings (Yamaguchi & Proctor, 2011) . Accordingly, we reevaluated the conclusions of Liefooghe et al. (2012) by further testing the extent to which the memorization of S-R mappings allows for an instruction-based congruency effect to emerge.
To this end, we focused on one of the memorization conditions reported by Liefooghe et al. (2012) , namely the visual-recognition condition. In this condition, two S-R mappings were presented visually at the end of each run. Participants had to decide whether these mappings corresponded to the S-R mappings instructed at the onset of the run. When using visual recognition in the inducer task, Liefooghe et al. did not observe an instruction-based congruency effect in the diagnostic task. The present study, however, questions this null finding by considering two concerns about the study of Liefooghe et al. First, their study used a rather small sample and a restricted number of observations. This issue is considered AUTOMATIC EFFECTS OF INSTRUCTIONS 8 in Experiment 1 of the present study. Second, the visual-recognition task they used may not have been optimal to induce an instruction-based congruency effect. This issue was dealt with by changing the parameters of the inducer task across Experiments 1 to 4 of the present study.
Experiment 1
In the visual-recognition condition reported by Liefooghe et al. (2012) , a small sample (n=18) and a restricted number of diagnostic trials (72 congruent trials and 72 incongruent trials) were used. The empirical support provided for the absence of an instruction-based congruency effect when the inducer task required visual recognition thus may not have been sufficient. This possibility is fueled by the fact that the Bayes Factor denoting the weight of evidence provided by the data in support of the null hypothesis (i.e., BF 0 ) was 2.94 for the reaction times (RTs) and 4.03 for the proportion of errors (PEs). Following Jeffreys (1961) 1 , such evidence is anecdotal for the RTs and moderate for the PEs. The question becomes whether the null findings reported by Liefooghe et al. (2012) are indicative of a true null effect or whether the presence of an instruction-based congruency effect remained undetected due to a lack of power. This was tested in Experiment 1 by using a larger sample and tripling the number of diagnostic trials (216 congruent and 216 incongruent). As in the study of Liefooghe et al. (2012) , the inducer task required participants to decide whether the S-R mappings presented at the end of each run, matched the S-R mappings instructed at the onset of that run. On half of the runs, the S-R mappings matched completely. On the other half of the runs, the response assignment was reversed. The central question was whether an instruction-based congruency effect could be observed under such conditions.
Method
Participants. Thirty-six students at Ghent University participated in return of 10
Euro. Participants were naive to the purpose of the experiment.
Materials.
For the test blocks, stimuli were 144 nouns selected from a list of Dutch-naming ratings of the Snodgrass and Vanderwart' (1980) picture-set (Severens, Van Lommel, Ratinckx, & Hartsuiker, 2005) . For each participant, a set of 72 pairs of stimuli was randomly constructed on the basis of this list. These pairs were randomly assigned to runs containing 4 trials (18 runs), 8 trials (18 runs), 12 trials (18 runs), or no trials (18 runs) of the diagnostic task. The use of diagnostic tasks of different lengths and the use of runs without a diagnostic task, encourage participants to actively encode and maintain the instructed contingencies during the diagnostic task (Liefooghe et al., 2012 (Liefooghe et al., , 2013 Meiran et al., 2015a Meiran et al., , 2015b . Each pair of stimuli was used for only one run. A practice block preceded the test blocks. This block contained 12 runs, the length of which (0, 4, 8, or 12 diagnostic trials) was determined randomly. Stimuli in this practice block were given names.
In the diagnostic task, participants indicated whether a stimulus was printed upright or in italic by pressing left (A-key) or right (P-key) on an AZERTY keyboard. The response assignment of the diagnostic task was determined randomly across participants. In each run containing a diagnostic task, half of the trials were congruent (inducer and diagnostic task point to the same response) and the other half were incongruent (inducer and diagnostic task point to different responses). For the inducer task, a pair of S-R mappings was presented.
Participants decided whether these mappings matched with the pair of S-R mappings they had to memorize at the onset of each run. They pressed left (A-key) when the mappings matched and right (P-key) when they did not match. On half of the runs, the S-R mappings matched with the initial S-R mappings. The response labels of the inducer task were also presented when the probe of the inducer task appeared (see Figure 1 ). S-R mappings and stimuli were presented in ARIAL font, size 16.
Procedure. Participants were tested in groups of two or three. They were placed in front of personal computers attached to a 17-inch color monitor. The experiment was AUTOMATIC EFFECTS OF INSTRUCTIONS 10 programmed by using the Tscope library for C/C++ (Stevens, Lammertyn, Verbruggen, & Vandierendonck, 2006) . At the start of the experiment, the overall instructions were presented and paraphrased if necessary. The experiment started with the practice block, followed by four test blocks, with a small break after each block. During each break, feedback was provided about the performance on the diagnostic task and the inducer task.
A schematic overview of a run is presented in Figure 1 . 
Results
For each experiment, the data of the practice block were not included in the analyses.
Visual inspection of the data revealed that four participants had extremely low accuracies either on the diagnostic task (.50, .50, .51) or on the inducer task (.46). The data of these participants were excluded from the analyses. For the inducer task, the average RT was 1656ms (SD= 380) and the average PE was .06 (SD= .06).
For the diagnostic task, only diagnostic trials of runs on which the inducer task was responded to correctly were considered. For RTs, only correct trials were considered, which led to the removal of 4.81% of the total number of trials. Next, for each participant, trials with RTs more than 2.5 standard deviation above each cell mean were considered as outliers.
This led to the removal of 3.01% of the total number of correct trials. Data were analyzed by using t-tests with an alpha-level of .05. Bayes Factors were additionally computed by using the R-package "BayesFactor" (Morey, Rouder, & Jamil, 2015 
Discussion
For the RTs, moderate evidence was obtained in support of the null hypothesis (i.e., no instruction-based congruency effect). As such, the findings of Liefooghe et al. (2012) were replicated. Strong evidence was observed for the PEs, which is at odds with the findings of Liefooghe et al. (2012) . When combining RT and PE by using LISAS, anecdotal evidence in favor of the presence of an instruction-based congruency effect was obtained. The results of Experiment 1 suggest that part of the null findings reported by Liefooghe et al. (2012) may have been the result of using a small sample size and/or a restricted number of diagnostic trials. Nevertheless, the evidence obtained in favour of the hypothesis that an instruction-based congruency effect can be obtained when the inducer task requires visual recognition, was generally weak. In the following experiments, we investigate whether changing the parameters of the inducer task could not yield stronger evidence.
Experiment 2
In the visual-recognition task used in Experiment 1 (and in the study of Liefooghe et al., 2012) , the S-R mappings presented at the end of each run were either identical to the instructed S-R mappings or they comprised reversed response assignments. This inducer task could have been completed by only encoding one of the two instructed S-R mappings. If that same S-R mapping is presented again in the probe of the inducer task, then it follows that the other S-R mapping is also correct. If that S-R mapping includes the opposite response in the probe, then it follows that the other S-R mapping is also incorrect. Possibly, when the inducer task requires visual recall, memorizing only one S-R mapping is not sufficient to obtain an instruction-based congruency effect. This hypothesis is fueled by the study of Theeuwes et al. (2015) . As was already mentioned in the Introduction, an instruction-based congruency effect was observed in this study, even though the inducer task was a recall task.
Importantly, in the study of Theeuwes et al. (2015) participants were encouraged to encode and maintain both instructed contingencies.
The aim of Experiment 2 was to encourage participants to maintain both instructed S-R mappings (cfr. Theeuwes et al., 2015) . To this end, the inducer task used filler items.
These filler stimuli were not part of the instructed S-R mappings, but could appear during the recall phase of the inducer task. For instance, at the onset of a run the S-R mappings "If car, press left" and "If rabbit, press right" were presented and at the end of the run three scenarios were possible: (a) the two instructed S-R mappings were presented again and thus both mappings were correct; (b) one of the two instructed S-R mappings was presented (e.g., "If car, press left") together with a new S-R mapping (e.g., "If fish, press right") and thus only one of the two S-R mappings was correct; or (c) both S-R mappings were incorrect either because the response assignment of the two instructed S-R mappings was reversed (i.e., "if car, press right" and "if rabbit, press left") or because a new S-R mapping was AUTOMATIC EFFECTS OF INSTRUCTIONS 13 presented (e.g., "if fish, press right") together with an instructed stimulus, which was assigned to an incorrect response (e.g., "if rabbit, press left"). Participants now had three response options to indicate each scenario, with each option occurring on 1/3 of the runs.
Such inducer task cannot be completed by memorizing only one instructed S-R mapping and participants were thus encouraged to maintain both S-R mappings. In order to test whether this manipulation affected performance in the inducer task, we compared performance on the inducer task of Experiment 2 with performance on the inducer task of Experiment 1.
With respect to the diagnostic task, the question was whether stronger evidence could be obtained for the hypothesis that an instruction-based congruency effect is present when using a recall task as an inducer task. This was investigated by calculating the BFs of the different dependent measures. In addition, we also investigated whether this instruction-based congruency effect would differ in size compared to the effect obtained in Experiment 1. To this end, the LISAS of Experiment 2 was compared to the LISAS of Experiment 1.
Method
Thirty-nine participants were recruited, none of whom had participated in the previous experiment. Experiment 2 was identical to Experiment 1, except that the inducer task now was a three-choice recognition task. If both S-R mappings were correct, participants pressed left (A-key). If only one S-R mapping was correct, participants pressed the spacebar. If both S-R mappings were incorrect, participants pressed right (P-key). As in Experiment 1, the response labels of the inducer task were also presented on screen (see Figure 1 for an example). The filler words were also selected from the picture-naming set of Severens et al. (2005) . For the practice block, the filler words were also given names.
Results
Three participants were excluded on the basis of very low accuracies either in the diagnostic task (.52, .49) or in the inducer task (.50). For the inducer task, the average RT 
Discussion
RTs and PEs of the inducer task in Experiment 2 were significantly larger compared to Experiment 1. This difference suggests that the three-choice inducer task used in Experiment 2 was more difficult compared to the two-choice inducer task used in Experiment 1, supposedly because the inducer task in Experiment 2 was a three-choice task, which required the maintenance of both instructed S-R mappings. Nevertheless, the instruction-based congruency effect just reached significance for the RTs, whereas it was only marginally significant for the PEs. BF scores indicated that the evidence provided for the alternative hypothesis was anecdotal for the RTs and, following Jeffreys (1961) , inexistent for the PEs. The combined score (LISAS) indicated that moderate evidence for an instruction-based congruency effect was obtained. The BF of the LISAS was in the same range as in Experiment 1. Encouraging participants to encode both S-R mappings did not yield stronger evidence in favor of the hypothesis that an instruction-based congruency effect
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can be obtained when the inducer task requires visual recall. In addition, the between-experiment comparison indicated that the instruction-based congruency effect in Experiment 2 did not differ in size from the instruction-based congruency effect observed in Experiment 1. In Experiments 3 and 4 an additional factor is considered, namely the time available to perform the inducer task.
Experiment 3
In Experiments 1 and 2, the response deadline of the inducer task was 5000ms. When considering the overall RT in the inducer task in view of this response deadline, completing the inducer task required on average 34% of the available time in Experiment 1 and 45% of the available time in Experiment 2. It seems thus reasonable to conclude that the 5000ms response deadline was fairly lenient. Previous studies in which the inducer task required the execution of instructed S-R mappings, demonstrated that the instruction-based congruency effect in the diagnostic task is a function of the extent to which the inducer task is prepared for in advance. For instance, Liefooghe et al. (2013) assumed that imposing a strict response deadline in the inducer task would encourage participants to prepare more thoroughly for the inducer task and thus require them to maintain the instructed S-R mappings more actively during the diagnostic task. In line with their hypothesis, an instruction-based congruency effect was observed in the diagnostic task when the deadline of the inducer task was strict but not when it was lenient (see also Meiran et al., 2015 ; Experiment 4 for similar findings). Furthermore, Deltomme et al. (submitted) demonstrated in a correlational study that faster RTs in the inducer task are associated with a larger instruction-based congruency effect in the diagnostic task. Based on these findings, the question arises whether the degree by which the inducer task is prepared for, also modulates the instruction-based congruency effect when the inducer task requires the recall of the instructed S-R mappings, the intention to execute the instructed S-R mappings thus being absent. This hypothesis is again fueled by the aforementioned study of Theeuwes et al. (2015) in which the response deadline of the AUTOMATIC EFFECTS OF INSTRUCTIONS 16 inducer task was 1500ms. Possibly, participants in Experiments 1 and 2 were not sufficiently encouraged to prepare for the inducer task, because the response deadline of the inducer task was too lenient. Accordingly, in Experiment 3 we used a two-choice recognition task as an inducer task (cfr., Experiment 1), but now with a 1500ms deadline. Participants could in principle still complete the inducer task by encoding only one of the two instructed S-R mappings, but they only had 1500ms to respond in the inducer task. First, we tested whether imposing such deadline did indeed encourage participants to prepare for the inducer task more thoroughly. To this end, performance on the inducer task in Experiment 3 was compared to performance on the inducer task of Experiment 1. Second, we investigated whether, under such conditions, stronger evidence could be obtained for the hypothesis that an instruction-based congruency effect is present when the inducer task merely requires the recall of instructed S-R mappings. To this end, we calculated the BFs of the different dependent measures. Finally, we investigated whether the instruction-based congruency effect was larger when imposing a strict response deadline in the inducer task, by comparing this effect between Experiments 1 and 3.
Method
Thirty-five participants were recruited who did not participate in the previous experiments. The use of a 1500ms response deadline in the inducer task led to an additional change: whereas the S-R mappings were presented in the form of two sentences as in the previous experiments, the probe of the inducer task now consisted of two target words. One word was presented on the left side of the screen and the other word on the right side of the screen (see Figure 1) . Participants had to decide whether the left-right location of the words matched with the relations described in the instructed S-R mappings (e.g., whether the word "CAR" on the left, matches with the S-R mapping "If CAR, press left").
Results
Six participants were excluded on the basis of very low accuracies either in the diagnostic task (.61) or in the inducer task (.54, .55, .56, .54, .60 PEs by using LISAS, the instruction-based congruency effect was again significant, t(28)= 3.27, p< .01, r 2 = .28, BF 1 = 13.38. The latter effect did not differ significantly in size from the instruction-based congruency effect observed in Experiment 1, F < 1.
Discussion
For the inducer task, the RTs were shorter compared to Experiment 1. Although the difference in PEs was not significant, evidence in favor of the null hypothesis was anecdotal.
Because PEs were numerically larger in Experiment 3 compared to Experiment 1, the overall difference in inducer performance between Experiment 1 and Experiment 3 suggests that imposing a strict response deadline resulted in a speed-accuracy trade-off. It could thus be argued that participants prioritized speed above accuracy, rather than that participants prepared for the inducer task more thoroughly. Nevertheless, the LISAS of the inducer task in Experiment 3 remained significantly below the LISAS of the inducer task in Experiment 1, t(59)= 10.47, p< .001, r 2 = .65, BF 1 > 100. This combined measure of speed and accuracy
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18 thus suggests that performance in the inducer task of Experiment 3 was overall better than performance in the inducer task of Experiment 1. As such, the strict response deadline that was used in Experiment 3, seemed to have succeeded in its goal.
For the diagnostic task, a significant instruction-based congruency effect was present both for the RTs and the PEs. Whereas evidence for the RTs was anecdotal, the effect observed for the PEs could be qualified as being strong (Jeffreys, 1961) . When both measures were combined by using the LISAS, evidence in favour of an instruction-based congruency effect was also strong. Imposing a strict response deadline in the inducer task thus seems to increase the likelihood of observing an instruction-based congruency effect.
However, the instruction-based congruency effect obtained in Experiment 3 did not differ significantly in size from the instruction-based congruency effect obtained in Experiment 1.
Experiment 4
Compared to the previous experiments, Experiment 3 yielded stronger evidence in favor of the hypothesis that an instruction-based congruency effect can be obtained when the inducer task merely requires recall. Nevertheless, the size of the instruction-based congruency effect in Experiment 3 was not significantly larger compared to the size of the instruction-based congruency effect in Experiment 1, which served as a baseline. The aim of Experiment 4, was to replicate the findings of Experiment 3 and test whether even stronger evidence could be obtained. To this end, the requirement to maintain both instructed S-R mappings and the requirement to prepare for the inducer task in advance were combined, as it was the case in the study of Theeuwes et al. (2015) . To this end, we used a three-choice inducer task but now imposed a stricter response deadline. Because Experiment 2 used a three-choice inducer task with a lenient response deadline, this experiment now served as the baseline for the between-experiment comparison. First, we tested whether narrowing the response deadline changed performance in the inducer task, in such a way that is was indicative of more advance preparation. Second, we calculated the amount of evidence in
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19 favor of an instruction-based congruency effect by using the BFs of the dependent measures in the diagnostic task. Finally, we investigated whether the size of the instruction-based congruency in Experiment 4 was larger than in Experiment 2.
Method
Twenty-nine new participants were recruited. Experiment 4 was identical to Experiment 2, except that the response deadline of the inducer task was now 2500ms instead of 5000ms. We opted for 2500ms because piloting sessions indicated that a response deadline of 1500ms was too hard for the participants. In line with Experiment 3, the probe of the inducer task consisted of two target words. One word was presented on the left side of the screen and one word on the right side of the screen (see Figure 1 ). As in Experiment 2, filler words were used such that on 1/3 of the runs both target words were on the correct location, on 1/3 of the runs both target words were on the incorrect location and on 1/3 of the runs only one of the two target words was on the correct location. The inducer task used the same response keys as in Experiment 2. Response labels of the inducer task, were again provided.
Results
Five participants were excluded on the basis of very low accuracies either in the diagnostic task (.49, .50) or in the inducer task (.47, .33, and .54 ). For the inducer task, the average RT was 1435ms (SD= 156) and the average PE was .10 (SD= .09). Because in Experiment 4, we varied the response deadline of the inducer task used in Experiment 2, we compared performance in the inducer task of Experiment 4 with performance in the inducer task of Experiment 2. Inducer-task RTs of Experiment 4 were significantly shorter than the inducer-task RTs of Experiment 2, t(58)= 12.08, p< .001, r 2 = .71, BF 1 > 100. In contrast,
inducer-task PEs of Experiment 4 did not differ significantly from inducer-task PEs of Experiment 2, t< 1.
For the diagnostic task, the overall error rate was 5.67% and 2.79% of the correct trials 
Discussion
For the inducer task, participants were significantly faster compared to Experiment 2.
Both experiments did not differ in terms of PE. Imposing a strict response deadline did not result in a speed-accuracy trade-off and participants were thus genuinely encouraged to prepare for the inducer task more thoroughly compared to Experiment 2.
For the diagnostic task, a strong instruction-based congruency effect was observed for the RTs and a moderate instruction-based congruency effect for the PEs. The LISAS also offered strong evidence in favour of the alternative hypothesis, as it was the case in Experiment 3. Finally, the instruction-based congruency effect in Experiment 4 was significantly larger compared to the instruction-based congruency effects observed in Experiments 1 and 2. However, when conducting a Bayesian analysis, only anecdotal evidence was obtained favoring the interaction models over the main-effects models. Some cautiousness is thus needed when interpreting these between-experiment comparisons.
General Discussion
In the present study, we further investigated the common assumption that the instruction-based congruency effect requires the intention to execute instructions (e.g., Cohen-Kdoshay & Meiran, 2007 De Houwer et al., 2005; Everaert et al., 2014; Liefooghe et al., 2012 Liefooghe et al., , 2013 Meiran & Cohen-Kdoshay, 2012; Meiran et al., , 2015a Meiran et al., , 2015b Wenke, et al., 2007 Wenke, et al., , 2009 Wenke, et al., , 2015 . To this end, we reevaluated the conclusion that the instruction-based congruency effect cannot be obtained when participants maintain instructed S-R mappings for future recall or recognition (Liefooghe et al., 2012) . We used an inducer task, which required visual recognition and measured the presence of an instruction-based congruency effect in the diagnostic task. Liefooghe et al. (2012) did not observe an instruction-based congruency effect with such set-up. We first argued that their null findings may have been the result of using an underpowered design. In view of this concern, a conceptual replication was conducted in Experiment 1, for which the sample size and the number of observations were substantially increased. Moderate evidence was obtained for the hypothesis that an instruction-based congruency effect emerges when the inducer task merely requires recall. Second, we reasoned that the visual-recognition task used by Liefooghe et al. (2012) , and in Experiment 1 of the present study, may not have been optimal to induce an instruction-based congruency effect. Accordingly, in three follow-up experiments, we tested whether changing the parameters of the inducer task could lead to stronger evidence in favor of an instruction-based congruency effect. In Experiment 2, participants were encouraged to maintain both instructed S-R mappings by using a three-choice inducer task. In Experiment 3, participants were encouraged to prepare for the AUTOMATIC EFFECTS OF INSTRUCTIONS 22 inducer task more thoroughly by using a two-choice visual-recognition task (cfr., Experiment 1) with a strict response deadline. In both experiments moderate (Experiment 2) to strong evidence (Experiment 3) in support of the alternative hypothesis was observed. Finally, in line with the study of Theeuwes et al. (2015;  Experiment 3) -which was the prime motivation of conducting the present study -the manipulations used in Experiments 2 and 3 were combined. In Experiment 4, we observed strong evidence for the hypothesis that an instruction-based congruency effect is also present when the inducer task requires recall.
This effect was, furthermore, slightly larger than in Experiments 1 and 2. Taken together, our results refute the conclusions of Liefooghe et al. (2012) by demonstrating that an instruction-based congruency effect can be observed even when the inducer task requires the mere memorization of instructed S-R mappings. The present study thus challenges the widely spread assumption that the instruction-based congruency effect requires the intention to execute instructions and questions whether this effect is a proxy of instruction-based reflexivity.
Our results suggest that the instruction-based congruency effect needs to be interpreted without calling upon intention-based reflexivity. A first such interpretation is that the instruction-based congruency effect can also be obtained on the basis of a declarative representation in working memory. As mentioned in the Introduction, van Dijck and Fias (2011) observed a response compatibility effect on the basis of serial order representations in working memory. In essence, both their procedure and the procedure of Liefooghe et al. (2012 Liefooghe et al. ( , 2013 are complex-span tasks in which the trade-off is investigated between the storage of contents (serial-order information or instructed S-R mappings) and the processing of a task (i.e., the diagnostic tasks). Oberauer, Demmrich, Mayr, and Kliegl (2001; see also Oberauer, 2002) argued that the trade-off between storage and processing is a function of a cross-talk between both components of a complex-span task. More specifically, they proposed that the impact of storage on processing depends on the requirement to access the stored information during the processing component. When a processing task is AUTOMATIC EFFECTS OF INSTRUCTIONS 23 constructed in such a way that the information maintained for the storage task is accessed during the processing task, then performance in the processing task is impeded. In contrast, when the stored information is not accessed during the processing task, no trade-off between storage and processing is present. Although we omitted this feature when discussing the work of van Dijck and Fias (2011) in the Introduction (see, p. 7), it is important to note that these authors used filler items in their diagnostic task, which were not part of the memorized set of items. During the diagnostic task, participants were instructed to react only to the targets belonging to the memorized set. Accordingly, participants were required to frequently access the memorized set of items during the diagnostic task, which induced a cross-talk between the memorized information and the diagnostic task.
In the procedure of Liefooghe and colleagues (2012) , cross-talk can be induced through different demands. The intention to execute the instructed S-R mappings constitutes one such demand. It is reasonable to assume that when the instructed S-R mappings need to be executed, the S-R mappings of the inducer task are accessed during the diagnostic task, because the goal of the inducer task and the diagnostic task are highly overlapping, namely to execute S-R mappings. The intention to actively maintain instructed S-R mappings for future recall or recognition may, however, also constitute a cross-talk inducing demand. Barrouillet, Bernardin, & Camos (2004) proposed that in a complex-span task, the stored information is frequently refreshed during the processing task-component, which leads to a trade-off. The presence of an instruction-based congruency effect in a memorization condition, could be considered as the result of such trade-off. The larger instruction-based congruency effect observed in Experiment 4 may suggest that when participants are encouraged to maintain both instructed S-R mappings and to prepare for the inducer task more thoroughly, the rate by which the instructed S-R mappings are refreshed during the diagnostic task is increased. Nevertheless, we remain cautious with this latter hypothesis as the between-experiment comparisons only indicated rather weak differences between Experiment 4 and Experiments 1 & 2.
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Although declarative S-R mappings may be frequently accessed during the diagnostic task, the question remains how these declarative representations can lead to an instruction-based congruency effect, which is associated with automatic pre-motor activation (Everaert et al., 2014 , Meiran et al., 2015b . One possibility is that such motor activation is obtained through semantic priming. More specifically, during the diagnostic task irrelevant stimuli activate the semantic concepts left or right on the basis of the declarative representations of the instructed S-R mappings. Based on these semantic concepts, the corresponding response concepts are activated that are either compatible (congruent diagnostic trials) or incompatible (incongruent diagnostic trials) with the response that is required by the diagnostic task. Support for such hypothesis comes from a study by Bundt et al. (2015) , who observed that seeing the words "left" or "right", in a context in which left-right discriminations are frequent, can lead to motor activation. We agree that such semantic-priming account is speculative. However, we also emphasize that, at present time, research on the instruction-based congruency effect is almost entirely based on tasks using left and right responses (see Wenke et al., 2007 Wenke et al., , 2009 Tibboel, Liefooghe, & De Houwer, 2016 for exceptions).
An alternative interpretation of the current findings is that the intention to recall or recognize instructed S-R mappings also leads to the formation of procedural representations, as it is the case for the intention to execute the instructed S-R mappings. As such, the assumption of Liefooghe et al. (2012) that the memorization of instructions is uniquely based on declarative representations would be wrong. Some findings in the literature do indeed suggest that simply maintaining instructions may also call upon procedural representations.
Several studies demonstrated that instructions are better recalled when physically enacted than when verbally rehearsed (e.g., Allen & Waterman, 2015; Gathercole et al., 2008; Yang, Gathercole, & Allen, 2014) . Accordingly, the maintenance of instructed S-R mappings may also be accomplished through the covert enactment of these instructions, which would call upon a procedural representation. Such account relates to the study of Ruge and Wolfensteller (2010) , who proposed that part of the processing of new S-R mappings relies upon motor imagery (see also, Theeuwes, Liefooghe, De Schryver, & De Houwer, in press ).
Such covert enactment may even occur independently of the goal of the inducer task (i.e., instruction execution or instruction recall), being automatically triggered by the processing of the action related information conveyed by the instructed S-R mappings.
The observation that the instruction-based congruency can also emerge when the intention to execute instructions is absent, is in line with the results of Yamaguchi & Proctor (2011) , who observed that the task-rule congruency in task switching is present even when the intention to execute the irrelevant S-R mappings is minimal. At the present time it is assumed that a substantial difference exists between both types of effects. Whereas the task-rule congruency effect is based on S-R associations in long-term memory (e.g., Kiesel, Wendt, & Peters, 2007; Meiran & Kessler, 2008) , most studies -such as the current onesuppose that the instruction-based congruency effect is based on working-memory functioning and some studies provided very direct evidence for this hypothesis by using dual-task manipulations (e.g., Cohen-Kdoshay & Meiran, 2007; Meiran et al, 2015; Meiran & Cohen-Kdoshay, 2012) . Nevertheless, recent studies by Pfeuffer et al (2017, in press-a, in press-b) suggest that automatic effects of instructions may also be underlain by representations in long-term memory. Accordingly, the processes underlying the instruction-based congruency effect and the task-rule congruency effect may be less distinct than was previously assumed (e.g., Liefooghe et al., 2012) .
Taken together, the core conclusion of the present study is that the instruction-based congruency effect is not confined to the intention to execute instructions and the processes underlying this effect seem more complex than the mere conception of intention-based reflexivity. Future research will be needed to pinpoint its exact nature. For now, the main message of the present study is that we need to be cautious when drawing conclusions about intention-based reflexivity on the basis of the instruction-based congruency effect. 
